Objective. To investigate physicians' knowledge about evidence-based patient safety practices, their attitudes on preventing and managing medical errors and to explore physicians' behavior when facing medical errors.
Introduction
Despite increased attention to patient safety and healthcare quality, errors and adverse outcomes are still frequent in clinical practice. Although it is difficult to obtain reliable estimate of errors, there is now international consensus that 10% of hospitalized patients suffer injuries related to medical management and at least half of these are preventable adverse events [1] [2] [3] . Understanding the main contributing factors to medical errors and identifying effective interventions to reduce them are essential to improve patient safety. The introduction of the 'culture' of safety into healthcare organization is one aspect of patient safety that is expected to significantly contribute to improving patient safety. Safety culture has become a significant issue for healthcare organizations striving to improve patient safety, and some safety investigations have indicated that organizations need to change their culture to make it 'easy to do the right thing, and hard to do the wrong thing' for patient care [4] . Recent studies assessed the safety culture in different types of healthcare organizations and hospital safety culture has been linked to patient safety [5] [6] [7] .
Assessment of current safety culture in a healthcare organization is the first step to identify the most problematic areas for improvement [8] , since healthcare staff knowledge, attitudes and pattern of behaviors are critical in the promotion of the workplace climate needed to secure an organizational culture of safety. Although this issue has been addressed in many healthcare settings [5 -7] , very few data are available in Italy.
The purposes of the present study are to investigate physicians' knowledge about evidence-based patient safety practices, to evaluate their attitudes on preventing and managing medical errors, to estimate reported frequency of errors, their perceived causes and possible solutions and to explore physicians' behavior when facing medical errors.
Methods

Study population
This national cross-sectional survey was conducted performing a multi-stage sampling. To enable the sample to better represent Italian hospital physicians' characteristics, we first stratified our population by the 20 Italian regions. Then, within each stratum, we selected by simple random sampling one regional general hospital and one district general hospital. Regional hospitals have an autonomous direction/management and provide highly specialized health care, whereas district hospitals, which are steered by Local Health Units, provide a high-standard but a lower complex level of care. Subsequently, management staff of the selected hospitals was contacted by phone in order to explain the purposes of the study and, accordingly, to have a verbal consent to carry out the study in their institution. In case of refusal, we randomly drew an analogous type of hospital setting within the same region, with the methodology described above, and so forth, until consent was reached. For each of the 40 hospitals that agreed to participate, 30 questionnaires were mailed along with a numbered roster of physicians (excluding those not involved in direct patient care such as pathologists and laboratory physicians) and instructions for selecting 30 physicians at random. Overall, this protocol yielded a stratified sample of 1200 physicians.
Review instrument
The questionnaire was divided into sections and comprised a series of items pertaining to socio-demographic and practice characteristics. Then, the definition of medical error based on the Institute of Medicine (IOM) definitions [9] , 'a failure of a planned action to be completed as intended or the use of a wrong plan to achieve an aim', was provided before physicians answered to the items in subsequent questionnaire sections. Physicians' knowledge regarding interventions that had been proved to be effective in the reduction of clinical errors was investigated by using five items: three were obtained from the Agency for Healthcare Research and Quality (AHRQ) report [10] and reported interventions of proven effectiveness ('limiting certain high-risk procedures to high-volume centers', 'increasing the number of nurses in hospitals', 'counting surgical items during an invasive surgical procedure'). Analogously, two items were derived from the study of Rosen et al. [11] and reported interventions of unproven effectiveness ('giving physicians more time to spend with patients' and 'encouraging hospitals to report serious medical errors voluntarily to a state agency'). Questions on attitudes towards management and reporting of medical errors (six items) were mainly drawn from Wu et al. paper [12] and respondents were asked to use a three-point scale 'agree/ uncertain/disagree'. Potential causes of medical errors were presented in a list of 10, and items were mainly drawn from Vincent et al. paper [13] . Frequency of involvement in medical errors was rated on a four-point Likert scale from never to frequently, outcomes on a five-point Likert scale from never to always, perceived cause of error in a list of 10 and the subsequent behavior to medical error in a list of six. Finally, physicians were asked about their judgment on effectiveness of prevention of medical error strategies implemented in their own practice setting, judgment on their own knowledge in error prevention and on improvement of their own knowledge on error prevention (Supplementary material, Appendix).
The original version of the questionnaire was pilot tested and revised before distributing to the study sample.
The study was approved by the Institutional Ethical Committee ('Mater Domini' Hospital of Catanzaro, Italy, study number 2006/7).
Statistical analysis
Stepwise multiple logistic regression models with backward elimination were used to identify characteristics that predicted the outcomes of interest. Three models were developed including those independent variables that were considered potentially associated with the following outcomes: knowledge of the evidence of the interventions' effectiveness (Model 1); attitude towards the management and reporting of medical errors (Model 2); the frequency of involvement in medical errors (Model 3). The following predictor variables were included in all models: gender, age, years since graduation, head physician vs. all other, type of clinical practice, ward of practice, hospital size expressed as the number of beds, having received risk management training, type of hospital setting, judgment of risk management interventions' effectiveness in their own practices setting, judgment of their own knowledge in error prevention, need of their own knowledge improvement on error prevention. In Model 2 we also included the independent variable knowledge of the evidence of the interventions' effectiveness. Model 3 included the following further independent variables: knowledge of the evidence of the interventions' effectiveness and attitude in management and reporting of medical errors. Response categories for each variable are reported in Table 1 .
A crucial aspect of using stepwise logistic regression is the choice of an 'alpha' level to judge the importance of variables, and the choice of P ¼ 0.05 has been shown to be too stringent. Therefore, a value of P in the range of 0.15 -0.20 is recommended for variable inclusion, and of 0.20-0.40 for variable removal [14] . Therefore, we set at P ¼ 0.2 the significance level for including and at P ¼ 0.4 for dropping variables from the models. Association between the characteristics and outcomes was expressed by adjusted odds ratios (ORs) and 95% confidence intervals (CIs) of the adjusted ORs. The level of significance was set at a ¼ 0.05, and all P values were interpreted in a two-tailed manner. Statistical analyses were conducted using the Stata statistical package release 10.1 [15] .
Results
Of 1200 mailed, a total of 696 surveys were returned giving an overall response rate of 58%. The main demographics and practice characteristics of the study population are presented in Table 1 .
Physicians' knowledge on evidence-based patient safety practices Table 2 summarizes the data concerning the level of knowledge of evidence-based patient safety practice interventions and, surprisingly, the item that generated the highest agreement (90.2%) was about the effectiveness of counting surgical items during an invasive surgical procedure, whereas the lowest agreement (60.5%) was reported for the statement that medical errors would be less likely at a hospital that performs a high volume of procedures. The highest uncertainty (24.8%) was registered for increasing the number of nurses in hospitals, whereas an unexpected high percentage of physicians (78.5%) believe that encouraging hospitals to report medical errors voluntarily to a state agency could be effective in reducing the number of medical errors. Results of stepwise multiple logistic regression analysis indicated that the number of years elapsed since graduation was the only variable significantly associated with the knowledge of evidence-based patient safety practices (Model 1 in Table 3 ).
Attitudes about reporting and disclosure of medical errors
Moreover, Table 2 shows physicians' attitudes about management, disclosure and reporting of medical errors. Positive attitudes were revealed by responses to almost all items on reporting of medical errors, since the agreement ranged from 98.4% to the statement that physicians should discuss with colleagues on medical errors that occurred during clinical management to 87.6% for the statement that reporting medical errors to one's institution could improve the quality of care for future patients. In contrast, 44.5 and 44.1%, respectively, agreed or were uncertain about the disclosure of errors to the patients. Positive attitudes were significantly higher for those practicing in medical specialties areas and in intensive care unit/emergency department areas when general medicine was chosen as the reference category. Moreover, a positive attitude was significantly predicted by a lower number of years elapsed since graduation and an older age (Model 2 in Table 3 ).
Physicians' involvement in and perceived causes of medical errors
Physicians were questioned about the frequency of their involvement in medical errors and they reported to have been involved, 'never' in 7.6%, 'rarely' in 61.4%, 'sometimes' in 30.3% and 'frequently' in 0.7% of cases. Respondents usually attributed medical errors to more than one cause [16] ( Table 4) . Among system failures, 'overwork, stress or fatigue of health professionals' was the most rated item, while 'health professionals poorly skilled or experienced' was the most rated item among causes of error related to the human factor. Moreover, respondents reported errors to supervising Total may not always sum to n because of missing data.
attending physicians in 43.5 of cases and 83.7% of them discussed about errors with colleagues. Reported involvement in medical errors was significantly more frequent for physicians working in larger hospitals and significantly less frequent for physicians practicing in a district general hospital, for those who deemed insufficient the effectiveness of risk management interventions adopted in their own practice setting, and for those practicing in medical specialties, general surgery and surgical specialties (Model 3 in Table 3 ).
Discussion
This study offers an insight in a nationwide sample of Italian physicians regarding knowledge, attitudes and behavior toward the prevention of medical errors, and it provides a tool for understanding opportunities to improve patient care safety. To our knowledge, this is the first attempt to investigate all of these issues in the Italian healthcare setting.
Physicians' knowledge on evidence-based patient safety practices
To ascertain knowledge about effectiveness of interventions aimed at the reduction of clinical risk, we relied on previously validated and published questions [10, 11] . New evidence has emerged, there has been increasing awareness of the general paucity of safety and quality evidence, and limitations of traditional quantitative methods for studying this field have been pointed out [17, 18] . Nevertheless, our questionnaire addressed evidence that was current at the time of the survey and would have reflected the potential evidence base of physicians.
One of the criteria for selecting items to investigate knowledge was suitability to the Italian healthcare organization. For instance, in spite of strong evidence of effectiveness, we did not consider the item 'Including a pharmacist on hospital rounds when physicians review patient care', since few pharmacists are employed in Italian hospitals, and they have a marginal role in the ward rounds. We excluded the question on the importance to have only physicians with intensive care training on ICUs, since in Italy this training is mandatory to practice in ICUs. We included the AHRQ report item 'counting surgical items during an invasive surgical procedure' since 'surgical objects accidentally left inside the body after surgery' is in the list of 16 sentinel events enacted by the Italian Minister of Health [19] . About 90% of physicians rated this intervention effective, although data supporting the evidence of effectiveness for this item are mainly based on a perceived general common sense or personal expertise [20, 21] . It may be hypothesized that our findings are related to the success of the Ministry of Health recommendations on sentinel events.
The question on the number of nurses may be considered controversial. Quality of nursing care is associated with safety, but not simply to number of nurses. Seventy percent of surveyed physicians rated this intervention effective. Several studies have consistently demonstrated that increased nursing staffing is associated with lower adverse events rates and better patient outcomes [22 -24] , and a costeffectiveness analysis showed that a patient-to-nurse ratio of 4:1 is a reasonable cost-effective measure [25] .
Performing high-risk procedures in centers who report high volumes of these procedures was rated by 60% of physicians as an effective intervention. This percentage is higher than that reported by Rosen et al. [11] Patient safety and medical errors † Safety Culture reported by Blendon et al. [26] who argued that few physicians would really transfer a patient to high-volume centers because of perception that errors are less frequent. In Italy, incident reporting is a widely accepted measure, but under-reporting is the norm. Although research has not yet demonstrated a clear link between reporting and improved outcomes, incident reporting favors a better understanding of errors.
We found that more experienced physicians were also more knowledgeable, and more knowledgeable physicians were also aware that failure in patient safety may be the consequence of system and organizational flaws rather than failure of individuals. This issue has not been extensively explored in other studies, but it is consistent with the result of Rosen et al. [11] , and could be explained by the fact that clinical expertise is a fundamental component of evidencebased medicine.
Attitudes about reporting and disclosure of medical errors
The majority of physicians stated that they would have discussed with colleagues if a failure in clinical management had occurred and we did not find any discrepancy between the hypothetical situation and the corresponding behavior in their practice. This is an interesting result, because it highlights the preparedness of Italian physicians at least at the informal disclosure of errors.
On the contrary, we found that only 44.5% of the surveyed physicians believe that they should discuss about a medical error with the involved patient. This proportion is lower than that reported in a previous Italian study who documented that 73% of physicians felt they should disclose errors to patients [27] . The difficulty for healthcare workers to turn the general principles of disclosure into practice is documented [28] . Kaldjian et al. [29] found that the fear of malpractice litigation could be one of the barriers, and our results are consistent with these findings. It has been reported that physicians' disclosure practices are influenced by their culture [27] , and the safety culture environment is considered the most important barrier to improving patient care safety [30] .
In accordance with other studies results, physicians believe that factors that mostly contribute to medical errors are overwork, stress or fatigue [26] . Additionally, they ascribe errors to failure of health professionals to work together or communicate as a team [31, 32] . It seems therefore crucial to create opportunities for all team members to exchange information to improve patient safety.
Physicians' involvement in and perceived causes of medical errors
A number of studies have documented that a majority of physicians have direct personal experience of patient incidents [33 -36] . Gallagher et al. [35] reported that 5% of physicians had not been involved in errors, whereas 62% had been involved in near miss, 73% in minor errors and 55% in serious errors. We did not differentiate among near miss, minor error and serious error but the finding that 8% of physicians had never been involved in medical errors is consistent with other studies, and should be considered a realistic and reliable result, since the IOM definition of medical errors was provided a priori to the interviewed physicians.
83.7% of respondents discussed about errors with colleagues and in 43.5% of cases reported errors to supervising attending physicians. This is in accordance with Garbutt et al. [36] who found that many physicians may prefer informal error reporting mechanisms. Research suggests that physicians' ability to cope with adverse events depends on opportunity for learning [37] . It highlights that discussing with colleagues about medical error and reporting error to supervisor are critical to the coping process. Learning process is maximized when medical errors are formally discussed and constructive feedback offered [38] .
Physicians who deemed insufficient the effectiveness of risk management interventions adopted in their own practice setting were significantly more likely to have been involved in medical errors. Therefore, it seems important that healthcare organization leaders provide adequate resource and support to physicians for the prevention and management of errors [39] .
Limitations
The results of this study should be interpreted in the light of several limitations. The use of self-administered Total may not always sum to n because of missing data. c Multiple answers were possible. questionnaires may allow respondents to over-or underreport attitude and practice. We are confident that responses were self-reported in an anonymous and confidential setting but, given the nature of surveyed topic, we may not exclude over-inflated responses. If true, we might consider an even worst scenario than that depicted by physicians. Moreover, the response rate was 58% and a non-response bias ought to be taken into account, since it was impossible to explore characteristics of non-responders. However, it is considered that the average response rate is 61% for mailed physicians' surveys and 52% for large sample surveys [40] and, hence, the slightly high response rate we have obtained does not allow us to suppose that non-responders were significantly different from responders.
Supplementary material
Supplementary material is available at INTQHC Journal online.
Conclusions
In Italy, patient safety culture among hospital physicians has not been extensively studied and our results add information about physicians' knowledge, attitudes and behavior that represent one important step to understand the perceived patient safety climate before implementing initiatives in healthcare organizations. In particular, it is really impressive that so many of the surveyed physicians believe that reporting is an effective measure, and since this is strongly recommended by the Ministry of Health, it may be the consequence of the appeal government institutions or local quality experts providing continuing education courses have on physicians. The results from our study highlight that greater efforts are needed to facilitate the translation of particularly positive attitudes into appropriate practices that have proved to be effective in reducing medical errors.
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